This terse review is concerned with experimental calorimetric progress in the study of a variety of transitions primariiy by use ofheat capacity and entropy as parameters of the energetic and of order-disorder phenomena in a variety of substances. Emphasis has been placed upon selecting interesting examples rather than providing encyclopaedic coverage.
INTRODUCTION
Abrupt changes of the molecular freedom of a molecule in a crystalline solid are among the most fascinating and still least understood of physical problems. Such transitions are often accompanied by dramatic changes in physical characteristics of the substance disproportionate to the subtle structural metamorphoses which occur at the molecular leveL Although many experimental techniques provide insight into the nature and the mechanism of molecular freedom in crystalline substances, calorimetric sturlies of heat capacity and related thermal phenomena have contributed much to the understanding of molecular motion and of transitions. Precise measurements ofheat capacity and enthalpies oftransition are now readily made by adiabatic calorimetry over the range of 0.3 to 600 K and with only somewhat increased difficulty to temperatures as high as 1500 K.
The pre-eminence of the heat capacity as a revealing parameter of energetics at the molecular and crystalline level is enhanced, of course, as the temperature drops below the thermal chaos. At high temperatures the entropy (for example, of an order-disorder transition) becomes a significant and useful criterion and at the modern higher temperature region it may even become the dominant factor in the Gibbs energy equation since its contribution is multiplied by the absolute temperature.
To reduce the extent of the hundreds of pu blications bearing on the title topic to more manageable proportions, this review emphasizes the special interests of its author and by fairly arbitrary decisions minimizes the coverage of recent tbeoretical developments, correlations and calculations, and excludes any attempt at being truly encyclopaedic in scope. It stresses those aspects which represent especially significant or unique contributions or initiated new trends in the application of thermophysical techniq ues to the study of transitions of matter.
But even a cursory glance at the thermodynamics Iiterature for the last few years will convince the reader of a remarkable change. Although the number of 'professionar thermodynamicists interested in the solid state is limited to a few hundred individuals the world over, the bulk of solid-state thermodynamic Information now comes from the laboratories of a variety of solidstate scientists whoseprime interest may be in some other field, but who, from time to time, generate thermodynamic data.
CALORIMETRY OF PHASE AND ORDERING TRANSITIONS SIGNIFICANTLY IMPROVED CALORIMETRIC TECHNIQUES
Although calorimetric techniques generally improve gradually rather than discontinuously, several developments in recent years are of sufficient significance t.o merit a special heralding.
H igh{requency.relaxation method-The basis for the high-frequencyrelaxation (HFR) method for measuring the magnetic heat capacity, Cm, originated with Casimir and du Pre and uses purely magnetic measurements to determine Cm without the usual uncertainty, due to the generally much larger lattice heat capacity. It thus allows accurate estimates over wide ranges of temperature. The recent development of cryogenic tunnel diode oscillators by Sk_ieltorp and Wolf has been used to improve and extend this method 1 . At temperatures high compared with the onset of magnetic ordering, Cm can be fitted to a series expansion of the form CrnfR = C 2 /T 2 + C 3 /T 3 + ... , in which R = Nka and N is the nurober ofmagnetic spins. This can be related to microscopic spin-spin interaction parameters, and additional information can also be obtained from the field dependence of Cm ( which can be related to the temperature dependence of the isothermal susceptibility). Examples of materials for which this technique has been used successfully include rare earth halides, hydroxides and garnets. It has already been applied to the study of the magnetic and thermal properties of gadolinium and terbium hydroxides and gadolinium trichlorides 2 -4. 3 He calorimeter with rapid response useful for the measurement of small heat capacities below 1 K has also been reported by Gelbrecht et al.
Rapidresponse cryogenic calorimetry--A
5 . This calorimeter employs a superconducting heat switches, achieves thermal equilibrium within 1-2 seconds with metallic samples, and permits measurement of heat capacities as small as 30 ~t.T K -1 with a precision of one per cent above 0 .4 K, at a rate of 80 heat capacity points per hour.
Cryogenic Iaser calorimetry-Heat capacities one or two orders of magnitude smaller than those typically measured in this range were involved du ring study on the antiferromagnetic ordering of praseodymium hexaboride in the range 2-20 by Lee et a/. 6 • They used the pulse technique of Morin and Malta 7 and found that the heat pulse method in the vicinity of the Neel point (near 7 K), where the heat capacitywas large, required correspondingly long times to establish thermal equilibrium after application ofheat pulses. In order to ascertain the possible presence of an isothermal absorption of heat on a small (30 mg) sample, a dynamical temperature relaxation method which employs heating by laser bean1s was developed by Lee et al. 6 This involves the use of Iaser radiation to heat the sample, a technique which has been pioneered at higher temperatures 8 in Japan. In the experimental arrangement employed. a silicon bolometer with a thin diffusion-doped layer on one side was employed as temperature sensor. At low temperatures, the entire wafer except the diffused layer is insulating. The layer resistance was used as a means of indicating temperature of the sample ( which was bonded to the insulating side by ultrasonic soldering). Electrical contact and mechanical support for the bolometer were established by means offine gold wires thermally anchored to a copper block, the t~mper ature of which can be varied with a heater and sensed with a thermocouple.
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Both sample and bolometer were heated by a Iaser beam directed down a light pipe into the evacuated cryostat immersed in liquid helium. The beam is switched on suddenly and the time constant of the resulting thermal relaxation is used to deduce the heat capacity. By operating a bolometer in a constant current mode, they were able to describe the small exponentially saturating temperature produced by the incident radiation in termsofatime constant. A determination of the time constant then provides an absolute measurement of heat capacity, provided thermal equilibrium between bolometer and sample is established in a time short compared with the time constant.
To verify that this was indeed the case, a variant on the AC-temperature technique 9 , in which the laser radiation is chopped at fixed frequencies and the AC-component of the bolorneter voltage is detected with a lock-in amplifier, was used. The frequency dependence ofthe AC-signal then provides a measure of the internal time constant.
A-1 easurements at decreasing temperature-Ehrat and Rinderer 1 0 ha ve devised a calorimetric device in which silicone grease provides thermal contact between metallic samples and refrigerant and perrnits determination of both the heat capacity and the coefficient ofthermal conductivity of the grease as the temperature is lowered over the range 1.5--4.2 K. This approach would appear to be of particular value in the study of superconduct ive transitions in a magnetic field.
Quenching of phases stable at higher temperature-H is often desirable to obtain a metastable phase by queuehing a phase stable at higher temperatures. Glasses or vitreous phases may be obtained from many organicor molecularly crystalline .substances by cooling at the rate of 20 K per minute 11 and it is occasionally desirable to undercool a phase stable at higher temperatures in order to ascertain transitional increments of thermodynamic functions at the reference temperature 0 K. For example. such inforrnation on undercooled plastically crystalline phase I adamantane would be desirable to resolve the discrepancy between the crystallographic interpretation of the mechanism of the plastic-crystal transition and an entropic one based upon low-temperature calorimetric data. Heat capacities on the undercooled phase from near 0 K would permit the evaluation of the entropy of transition at absolute zero and thereby free it from unknown contributions from vibrational frequency changes at the transition temperature 12 .
To achieve quenching of samples, an adiabatic, aneroid cryostat of the type used between 5 and 350 K has been modified to permit breaking the vacuum in the space between the lowest-temperature refrigerant tank and the calorimeter without interference with the insulating vacuum in the other parts of the cryostat~ This is achieved by means of an indium-tin gasketed seal and potting the electrical leads in epoxy as they leave this region. In addition, provision is made so that a stream of (purified) liquid nitrogen or of liquid helium may be vented through the adiabatic shield enclosure directly onto the calorimeter in order to provide extremely rapid cooling of the sample 12 .
These features , fiave also been provided in the cryostat for the miniaturized calorimeter described earlier.
High-pressure calorimetry---One of the least popular variables among calorimetrists ofatltemperature persuasions seems tobe pressure. However,
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CALORIMETRY OF PHASE AND ORDERING TRANSITIONS a simple high-pressure calorimeter has been devised by Smith and Phillips 13 . This calorimeter consists of a small piston and cylinder arrangement with a mass of about 150 g, constructed entirely from high-purity copper-beryllium alloy (2.1 weight per cent beryllium) which was heat treated to full hardness. The sample was placed in a close-fitting Teflon sleeve between two Teflon discs. The cell is supported by an external screw-on collar and pressure is applied to the sample at room temperaturein a standard press. At the required pressure., the locking screw is tightened down onto the internal piston and the calorimeter is removed from the press and is installed in a 3 He cryostat. Since the heat capacity of the sample comprises typically only three to five per cent of the total measured heat capacity, reasonably high precision is needed in the measurement of heat capacities. This device has been used for studies of the superconductivity of a-uranium to pressures as high as 10 kbar.
Computerization--science, like baute couture, has its fashions. Automation these days enables one to load one"s calorimeter, press the button, go to lunch or to Monte Carlo (depending on the duration of the experiment and one's financial status) and when one does come back to the desk one may pick up the computer output with all the relevant data transposed into a format suitable for printing the table of data and possibly of thermodynamic functions. In most instances, some degree of semiautomatic and semimanual operation seems tobe the preferred solution but in some instances an on-line computer may actually be used to operate the calorimeter.
MOLECULAR CRYSTALS--EXOTIC PHASES
lvtolecular phases-An analysis by Martin 14 of the thermodynamics of organic substances made during the last decade indicates that 60 of 168 compounds listed exhibit transitions in the solid state. Extensive sturlies on the thermodynamic properties of globular molecules continue tobe reported; the systems involved often include plastically crystalline phases. Interestingly interpreted order-disorder transitions in these substances occur and are consistent in generat with extant theories. Additional penetrating analyses by Brot and his co-workers 15 • 16 have extended the theoretical aspects of partial disorder in crystals, reorientational movements of molecules, and phase transitions into better accord with experiment.
Ortho-and meta-carboranes (plastic crystals par excellent) have been studied and reasonable interpretation of their transitional entropy increments made 17 • Critical poims-Measurements of the heat capacity at saturated vapour pressure of the system methane-argon near its solid-solid consolutepoint 18 have revealed striking anomalies and evidence ofprobable suppression ofthe anomaly by lattice strain. Special difficulties associated with accurate mea* surements of the heat capacity in the vicinity of its critical point have heen enumerated and include effects due both to gravity and to critical slowing down 19 .
Liquid crystals-Although melting to a smectic or a nematic liquid crystal phase is one of several ways some crystals . may depart from. their phases. all too little equilibrium calorimetry has been performed to.ascertain the ener .. getics, order and thermodynamic behaviour through such transformations. 543
Some comment on the enhanced role of differential thermal analysis and differential scanning calörimetry is needed. These techniques of tremendous significance in survey measurements are, however, occasionally interpreted as being more definitive than circumstances warrant. Equilibrium measurements will prove important for some phenomena.
The heat capacity (300-500 K) and transition thermodynamics of an extended range high-temperature nematic liquid crystal have been measured 20 by equilibrium adiabatic calorimetry (cf. Figure 1) . These authors report that DMC order-disorder transition due to restricted rotation of the terminal methoxy groups about the ring-to-oxygen bond. These results are of especial interest for two reasons. First, the material proved sufficiently stable to allow purification by zone-refining. This research represents the first thermodynamic investigation of a well-characterized liquid crystal sample (purity 99.84 %). Second, the results obtained in the nematic range allow useful comparisons to be made with various theoretical predictions.
The glassy phase~-Interest in the vitreous state and its relevance to inclusion with crystal thermodynamics centers primarily around the lowtemperature heat-capacity difference between glasses and crystal and its interpretation, as well as, of course, the glass-crystal transformation and residual entropy. Recent heat capacities at low temperatures have been measured on vitreous glycerol (used as a thermal contact med ium), vitreous dimethylbutane, cyclohexanol, crystalline and 'glassy-crystalline' hexanol, arsenic trifluoride, germaniu~ and beryllium diflouride as well as on high polymers. Professor Seki's group at Osaka have been especially produclive in the study of vitreous phases.
P OL YNUCLEAR·CONDENSED -RING AROMA TICS
Azulene · and complex compounds-Early crystallographic studies 21 -:z 6 led to disagreement among investigators as to whether or not the azulene crystal was disordered at room temperature. The controversy seems to have been satisfactorily resolved 27 ' 28 in favour of space group P2tfa. The disorder arises from a random distribution of azulene molecules among two possible orientations at each lattice site, one differing from another by a 180° rotation 544 CALORIMETRY OF PHASE AND ORDERING TRANSITIONS about an axis perpendicular to the plane of the molecule. Günthard originally proposed this model to account for his x-ray diffraction results
29
, later dting supporting evidence for disorder based upon vapour pressure measurements and gas phase entropy values calculated from infrared spectral data 30 . He suggested the probable existence of an R ln 2 contribution to the azulene crystal entropy accompanying a transition from a low-temperature erdered phase to a higher-temperature diserdered phase, a transition that should manifest itself in the heat capacity-temperature curve.
The molal heat capacity of azulene over the temperature range 5-400 K has been measured by adiabatic calorimetry. No evidence for a cooperative transition (other than melting) was found. A check residual entropy at 0 K, using vapour phase entropies of Kovats et al. ,;o and vapour pressure data of Bauderand Günthard 31 , indicated AS 0 = -0.4calmol -1 K-1 at OK to within ±0.8 cal mol --1 K -I (the Iimits of uncertainty in the vapour pressure and gas entropy data). Thus any disorder existing at room temperature would appear to be absent at very low temperatures, but the uncertainty is a matter of concern.
Comparison of values for the crystal entropy of azulene with those of its isomer, naphthalene, reported by McCullough et al. 32 over the temperature range Q-..353.43 K (the triple point of naphthalene) reveals a steadily increasing excess entropy for azulene over naphthalene with rising temperature. The excess reaches a maximum value of 1.60 near the triple point of naphthalene. Except for the high activation energy, it would be tempting to interpret this excess entropy as arising from a gradual onset of orientational disorder in azulene beginning at very low temperatures and reaching a value of R In 2 ( 1.38) near the triple point of naphthalene. The implicit assumption that the lattice contribution to the total entropy is essentially the same for azulene and naphthalene is not surprising in view of their close similarity in crystal structure.
Recent nuclear magnetic resonance studies on solid azulene by Fyfe and Kupferschmidt 33 indicate that azulene molecules are in dynamic equilihrium between t\\ 1 0 alternative orientations. The motion is a 180° Iibration about an axis perpendicular to the plane of the molecule. However, they report evidence for a transition centered at 310 K and predict that a structure determination below 270 K should show a single molecular orientation rather than clisorder. No evidence for a transition in this region was found by van Tets and Günthard
34
, who measured the temperature dependence of the infrared spectrum of solid azulene between 113 and 371 K, a finding that is consistent with the absence of evidence for a cooperative transition in the heat capacity dependence on temperature described herein.
Reported order-disorder transitions extending over temperature ranges as broad as this one apparently does and lacking a peak in the heat capacitytemperature curve are unknown. Similar behaviour may be expected in other substances which exhibit diserdered crystal structures at higher temperatures, i.e. p-chlorobromobenzene and the azulene-trinitrobenzene complex. The azulene-trinitrobenzene complex is an interesting comparison molecule 3 5 differing in the presence ofan energy increment between its two orientations and hence may be anticipated to have a temperature dependent erdering [ ci: Ftgure 2] . 545
Oxygen Figure 2 . Projection of the molecular structure of the azulene-s-trinitrobenzene cornplex 35 .
ELECTRONIC AND/OR MAGNETIC TRANSITIONS
The Schottky anomaly-This artifact (which has just passed its 50th anniversary of recognition) is becoming established as an increasingly significant component ofthe heat capacities ofmany lanthanide, actinide and transition element compounds. Its morphology, its relationship to Einstein and Schottky functions~ and its algebraic ramiftcations have been explored by Lyon and Westrum 36 and its presence revealed in the behaviour of actinide sulphides ofGrenvold et al. 37 • The resolution ofthe misfits between calculated Schottky anomalies and experimentally observed ones has been explained in terms of the expansion of the lattire and the spin lattice coupling 38 . Enhanced appreciation of the significance of Schottky anomalies in transitionmetals and impurity modes is revealed by an especialty interesting Schottky anomaly which arises near 0.2K as a consequence of tbe 10-9 % hydroxyl ion in sodium fluoride 39 . The sixfold orientational degeneracy is splitdue to tunnellinginto a singlet, triplet and doublet 40 Schottky anomalies in lanthanide sesquioxides-Although resolution of the levels which result from splitting the ionic ground state by the crystalline fields is usually achieved by spectroscopists, on occasion the cryogenic calorimeter can do yeoman service, especially in the absence of optical grade samples. By analysis of the Schottky anomaly in neodyrnium sesquioxide. for example (using the isostructurallanthanum oxide to evaluate the lattice heat capacity), the lowest levels were deduced 43 as 0, 21, 81 and 400 cm-1 , in sharp constrast with previous theoretical predictions. Subsequently, the spectrum of neodymium(ni) ion in a lanthanum(ni) ion in an oxide host was observed 44 as 0, 23, 84, 253 and 496 cm-1 • The first two excited Ievels are in excellent accord with corresponding values deduced from heat capacity data alone (0, 21, 81 and 400 cm-1 ), and the centre of density of the higher levels also corresponds weil. The interpretation of higher cubic lanthanide sesquioxides involves two non-equivalent types of cation sites. Three-fourths ofthe cations have C 2 symmetry. The remaining cations possess C 3 ; symmetry. Contributions to the electronic heat capacity, C~: 1 , based on spectroscopic levels reported for the C z-type ions in erbium sesquioxide 45 , are represented by dashed curves in Figure 3 , which depicts Ce. ! for the low~temperature region. These values were derived by subtracting the lattice contribution from the apparent heat capacities. The balance of Ce 1 remaining after removal of the contributions ofthe C 2 ions is attributed to the Ievels in the C 3 i ions. The Ievels and their degeneracies are deduced in part from the position and magnitude of the Schottky peaks in the observed ccl (for Separations ofless than 100 cm - 1 ) and in part from the splittings of the ground state term by fourth-and sixtborder terms of cubic crystal fields. 48 • Recent progress in the phase transitions of order.-disorder ferroelectrics 49 and a general treatment of the thermodynamics of broadened ferroelectric phase transitions 50 have been reported. Electronic heat capacity trends in the transition metals have been correlated with d electron configurations 54 . Moreover, recent developtnents on the Verwey transition in magnetite 55 -57 and the Morin transition in hematite 58 have resulted in unanticipatedly complex trends. temperature region can be well approximated by the heat capacity ofthorium dioxide since these compounds have similar structures and nearly the same lattice constants and cationic masses. The spin-wave contribution in uranium dioxide becomes very large as the temperature approaches 30.4 K, the Neel temperature. In the enneaoxide there is an additional contribution from the extra 0.250 moles of oxygen atoms, but this is probably negligible below 20 K. Anotherestimateofthe lattice heat capacity ofthissubstance may be obtained from values of the lattice constants at 300 K from which 0 0 is calculated as 200 K. Hence, the lattice heat capacity of the enneaoxide is 1.5 times the heat capacity of thorium dioxide, up to 10 K. Regardless of which estimate of the lattice heat capacity of the enneaoxide is taken, it is evident that there is a large capacity contribution from other sources presumably magnetic. After deduction o~ the lattice contribution, the re~ain~ng heat capaci!y, ~lf' for_ the enneaoxtde 1s well represented by the relauonsh1p: Cm = (0.0 1 ~5) T J K - Tungstates and molybdates-Analysis of the excess entropy associated with the para-to anti-ferromagnetic erdering transition in ferrous tungstate at 75.25 K yields an entropy of transition of 3.20 cal mol- 
TRANSITION8-MAINLY IN IONIC CRYSTALS
Transitions and energetics of phase behaviour-Brewer's proposed methods for predicting the crystal structures, mutual solubilities and multicomponent phase diagrams for the thirty elements of the first three transitions series 71 and extensions 72 -74 involve correlation of electronic and crystal structures, and spectroscopically derived energies ofvarious electronic states of gaseous atoms, as well as certain aspects of regular solution theory. His treatment provides elegant examples of the interrelation of energetics and bonding as well as considerable thermodynamic insight into the importance of various factors involved in metallic systems.
The energetics of crystals are related to those of other phases through phase transitions, e.g. sublimation, melting, solid-solid, crystal-glass, crystal-liquid crystal, etc. However, the tremendous growth in accurate knowledge about the structure and properties of crystals has not been paralleled by developments on the mechanism ofmelting. In fact, Ubbelohde's A1elting and Crystal Structure 15 , in which liquids are described in terms of 'melts~ of quasicrystalline models and anti-crystalline models related to them., is still in many respects a reasonable delineator of the state of the arl Drop-calorimetric entbalpies of melting for IllfV, IV fV and V fVI compounds have been re~ ported 76 ; a dearth of adiabatic calorimetric data on the details of the melting transitionstill persists. ·Comparison between experiment and theory in Phase Transformations 17 in metals and alloys in which extensive agreement has been attained does not: however, imply that the essential features of the field can be considered to be understood. Related progress on many types of 550 CALORIMETRY OF PHASE AND ORDERINO TRANSITIONS crystalline materials has been detailed in other symposium proceedings 7 8 -83 • I onic crystals-In many respects the ionic crystalline state is still the neglected one! The trend of the heat capacity in the vicinity of the melting transition has been studied for probably fewer than a dozen substances and solid-state transitions have also been little studied. Similarities between the reorientational behaviour of alkali azides and alkalihydrogen dif1uorides have been pointed out with respect to both their phase behaviour and the thermophysics of the transformations involved 84 . Reorientations of both linear anions have been found to occur at random either along the body diagonal or (for some of the heavier alkali compounds) along the crystallographic axes. In caesium hydrogen difluoride, a transition only approximately 3 K below meltmg is as yet unexplained 85 . Ammonium hydrogen difluoride does not show the solid-state transitional phenomenon but its enthalpy of melting has been determined 86 to be about 25 per cent higher than that previously reported by Sudarikov et al. 87 by cryoscopy. An unusually sharp but definable first-order transition has been found in ammonium bromide at 412.67 K 88 [ cf. Figure 5 ]. Pressure constraints~'High' pressure is even at present an unpopular and largely neglected constraint in the measurement of both heat capacity and transition thermophysics. Certainly formidable problems exist, especially for transitions where significant volume increments occur. Some initial endeavours are, however, worthy of note. For example, the heat capacity anomaly in ammonium chloride near 243 K, discovered in 1922 by Simon, has been a prototype for the study of order-disorder transitions in crystals for many years. Although numerous experimental and theoretical studies ha ve been devoted to the transition and the basic mechanism is weil understood, none of the attempts to classify and totally explain the characteristic features are completely successful. In an exciting pioneering investigation by Trappeniers89, the influence of pressure on the A.-point was studied by means of the differential thermoanalysis technique under conditions of hydrostatic pressures up to 3 kbar. He concluded that the .A-transition collapses under pressure and as a result the enthalpy change and the associated entropy increment are strongly reduced (i.e. they drop to less than 25 per cent of their value at one atmosphere within the 2 kbar range).
More recent sturlies have been made on this transition, which occurs at about 242 Kandis occasioned by the disordering ofthe ammonium tetrahedra in the chloride ion lattice, by Paukov et a/.
90 . These investigators examined the heat capacity in the 200--320 K range under both ambient and elevated pressures as high as 3.6 kbar and used the pressure as a parameter to vary the coupling of the lattice to the system being disordered. Their more precise measurements enabled them to considerably reduce the error in the measurements at high pressures. Their sample was compressed in silicon oil and pressure measured with a manganin wire. The pressurewas static and adjusted prior to the beginning of the measurements. Apparently, their measurements were not made under totally equilibrium conditions. They concluded that, at pressures about 3 kbar, the heat capacity increased only by a factor of two whereas under normal pressure it rose by a factor of 30-40. Thermograms indicated that the isothermal part of the enthalpy of transition was between 10 and 13 cal mol-1 except at the highest pressure. Unfortunately, similar sturlies are not available for a variety of other transitions in molecular and ionic crystals, nor are the measurements reported to date truly equilibrium values. They are suggestive, however, and are indicative of the need for further measurements of thermophysical properties at elevated pressures.
Other related literature-Brout's 91 statistical theoretical presentation of transitions to experimental physicists has been supplemented in the recent past by Stanley's exposition 92 (though largely limited to a description of magnetic and Iiquid-gas phase transformations) and the two-volume encyclopaedic treatment by Domband Green 93 · 94 oftransitions and critical phenomena. The first volume 93 pertains to exact solutions of ferromagnetic and ferroelectric models in one and two dimensions, emphasizing rigorous results and general theorems. The second volume 94 provides a coherent survey on scaling, surface and finite size effects, and the d ynamics of lsing models.
Finally, since time permits only limited coverage, it should be noted that the bibliographic volumes entitled Cooperative Phenomena N ear Phase Transi .. tions, A Bibliography W ith Se Ieeted Readings 95 provides a coded bibliography of some 2500 articles plus fifty relatively recent conference proceedings dealing 552 CALORIMETRY OF PHASE AND ORDERING TRANSITIONS with aspects of phenomena related to structural phase transitions as well as to critical points in liquid helhnn, in liquid crystals and in biological systems, as well as in cooperative phenomena in binary systems. The bibliography is current to June 1972. In addition, 35 experimental articles have been reproduced in full. Should the sceptic regard the study of phase transitions as passe or complete, then a quick perusal will disillusion him.
Jayaraman·s timely review 9 of the influence of pressure on phase transitions is pertinent and critical.
CONCLUDING REMARKS Unquestionably, many important contributions have been slighted in this lecture and, indeed, emphasis has been placed on the areas of greatest familiarity to the author. But as Dr Samuel Johnson (on completion of his Dictionary in 1755) quipped, ' . .. In this work, when it shall be found that much is omitted, Iet it not be forgotten that much likewise is performed.' The extent to which we have enhanced our appreciation and understanding ofthe thermophysics and mechanisms of transitional behaviour since the Second International Conference on Thermodynamics and Thermochemistry has been delineated. In many instances, lacunae have been pointed out but one cannot escape the feeling that we are stilllooking at a fertile field of potential investigation spiced with many intriguing prospects for future endeavour.
